We constructed a time-dependent, three-dimensional, multi-ion numerical model of the global ionosphere at F region altitudes. The model takes account of all the processes included in the ex isting regional models of the ionosphere. The inputs needed for our global model are the neutral temperature, composition, and wind ; the magnetospheric and equato~ial. electric field distributions; th. e auror!l precipitation pattern; the solar EUV spectrum; and a magnetic field model. The model produces IOn (NO , O~, N~, N+, 0+, He +) density distributions as a function of time . For our first global study, we selected solar maximum. low geomagnetic activity, and June solstice conditions. From this study we found the following: (I) The global ionosphere exhibits an appreciable UT variation, with the largest variation occurring in the southern winter hemisphere; (2) At a given time , N m F2 varies by almost three orders of magnitude over the globe, with the largest densities (5 x 10 6 cm-J ) occurring in the equatorial region and. t~e lo~est (7. x 10J cm-J ) in the southern hemisphere mid-latitude trough; (3) Our Appleton peak charactenstlcs differ shghtly from those obtained in previous model studies owing to our adopted equatorial electric field distribution , but the existing data are not sufficient to resolve the differences between the models; (4) Interhemispheric flow has an appreciable effect on the F region below about 25 0 magnetic la. titude; (5) In the southern wi~ter hemisphere , the mid-latitude trough nearly circles the globe. The dayslde trough forms because there IS a latitudinal gap of several degrees between the terminator and the dayside oval. In this gap, there is no strong ion production source, and the ionosphere decays; (6) For low geomagnetic a.ctivity, the ~ffect ~fthe au~oral oval on the densities is not very apparent in the summer hemisphere , but IS clearly eVident In the winter hemisphere; (7) The densities in both the northern and southern polar caps exhibit a complex temporal variation owing to the competition between the various photochemical and transport processes.
INTRODUCTION
Recent reports from the National Academy of Sciences have emphasized the need to trace the flow of mass, momentum, and energy through the solar wind-magnetosphere-ionosphereatmosphere system [Friedman and Intriligator, 1981; Intriligator, 1984] . This task will be addressed experimentally by coordinated ground-based and satellite observations. On the theoretical side, this task requires the coupling of large-scale flow models of the individual regions of the solar-terrestrial system. Although large-scale models of the solar wind, magnetosphere, and thermosphere are currently available, no comparable model of the ionosphere has yet been developed [cf. Roble, 1984] . However, regional models of the ionosphere do exist. Regional models have been used to study the ionospheric structure at high latitudes [Knudsen et al. , 1977; Watkins, 1978; Schunk and Raitt, 1980; Sojka et aI., 1981a, b, c] , at midla titudes [Quegan et al., 1982] , and at low latitudes [Sterling et al. , 1969; Anderson, 1981] .
In this paper we describe what appears to be the first numerical model of the global F region. Our model is a timedependent, three-dimensional, multi-ion model of the global ionosphere at altitudes between 120 and 800 km. The model takes account of field-aligned diffusion, cross-field electrodynamic drifts both in the equatorial region and at high latitudes, interhemispheric flow , thermospheric winds , polar wind escape, energy-dependent chemical reactions, neutral composition changes , ion production due to solar EUV radiation and auroral precipitation, thermal conduction, diffusion-thermal heat flow , and local heating and cooling processes. Our model also takes account of the offset between Copyright 1985 by the American Geophysical Union .
Paper number 4A8332 . 0148-0227 f 85 f 004A-8332$05 .00 the geomagnetic and geographic poles and the bending offield lines near the magnetic equator. Our global model therefore contains all of the features included in the regional ionospheric models listed above. Our global ionospheric model not only provides the missing link needed for a complete description of the solar-terrestrial system, but can be used to trace magnetic storm and sub storm perturbations from high to low latitudes on a global scale, and the results can be compared to data obtained from the chain of incoherent scatter radars. Also, there is a growing consensus that most of the major unresolved problems con~erning plasma convection and transport at high latitudes may simply be related to the fact that , to date, the coupled time-dependent behavior of the ionosphere-thermosphere system has not been studied self-consistently. Our global ionospheric model can be used in conjunction with the National Center for Atmospheric Research (NCAR) Thermospheric Global Circulation Model (TGCM) to accomplish this task.
In the first application of our model , we studied the global ionosphere for June solstice, solar maximum, and low geomagnetic activity. In section 2 we describe our global Fregion model. In section 3 we present the inputs that we adopted for this particular study. The global F region densities calculated with our model are presented in section 4, and in section 5 we summarize our results.
GLOBAL F REGION MODEL
In the subsections that follow , we briefly describe the various components of our global ionospheric model.
Mid-High Latitude F Region Model
Our mid-high latitude model contains a plasma convection model and an ionospheric-atmospheric composition model. The model was initially developed as a mid-latit ude, multi-ion (NO+ , O~, Nt 0+) model by Schunk and Walker [1973] . The Magnetic dipole geometry at two universal times. The offset of the magnetic axis from the geographic axis is 11.4 0 in the northern hemisphere and 14.5 0 in the southern hemisphere. The neutral wind at noon blows away from the subsolar point and induces a field-aligned ion drift that depends on the magnetic field configuration.
model was extended to include high latitude effects, such as plasma convection and auroral precipitation, by Schunk et aJ. [1975 Schunk et aJ. [ , 1976 . A further extension to include N+ and an updating of the photochemistry is described by Schunk and Raitt [1980] . The addition of the plasma convection model, which allows us to cover the entire high-latitude region, is described by Sojka et al. [1979 Sojka et al. [ , 1980 . More recently, the model has been exended to include ion thermal conduction and diffusion-thermal heat flow, so that the ion temperature is now rigorously calculated at all altitudes between 120 and 800 km [Schunk and Sojka, 1982a] .
With the mid-high latitude ionospheric model, we follow flux tubes of plasma as they convect through a moving neutral atmosphere. Altitude profiles of the ion temperature and NO+ , ot Nt 0+, N+, and He+ densities are obtained by solving the appropriate continuity, momentum, and energy equations including numerous middle and high latitude processes. These equations are solved over the altitude range from 120 to 800 km, with chemical equilibrium at 120 km and a specified plasma escape flux at 800 km being the lower and upper boundary conditions, respectively. For this study the plasma escape flux at 800 km was set to zero.
A number of parameters are required as inputs to this model. The ionization is produced through three mechanisms: EUV solar radiation, resonantly scattered radiation, and auroral precipitation. For each, the input source needs to be specified. Also, the neutral atmospheric composition and temperature are required; for these we have adopted the mass spectrometer/ incoherent scatter (MSIS) model. In addition, both thermospheric wind and magnetospheric electric field patterns are needed.
To date, most of our large-scale studies have concentrated on the high-latitude region (i.e., above 42° magnetic). In this region, we have studied the ionospheric response to slow convection in winter [Sojka et al. , 1981 a, b] , rapid convection in winter [Sojka et al. , 1981 c] , and rapid convection in summer [Sojka et al. , 1982] . We have also studied the ion temperature variation in the daytime high-latitude ionosphere for a wide range of conditions [Schunk and Sojka, 1982a] , and we have predicted the presence of ion temperature hot spots during periods of sustained high magnetic activity [Schunk and Sojka, 1982b] . More recently, we have studied the ionospheric response to "stormlike" variations in some of the important magnetospheric inputs, including the plasma convection pattern and the precipitating auroral electron flux Schunk, 1983, 1984] .
Our emphasis on the high-latitude ionosphere does not reflect a latitudinal limitation of the model. As noted earlier, the model was originally developed for mid-latitudes and can be applied to latitudes as low as 20° magnetic [Schunk and Walker, 1973] . This latter restriction of the model results for two reasons. First, the primary equations are solved as a function of altitude assuming that the magnetic field lines are straight, but inclined. Second, the plasma flux through the upper boundary (800 km) must be specified. At low latitudes, the bending of the magnetic field lines requires that the transport equations be solved as a function of both altitude and latitude. Also, the strong interhemispheric coupling at low latitudes must be taken into account in a self-consistent manner. Consequently, we have constructed a model of the equatorial ionosphere to complement our mid-high latitude ionospheric model.
Equatorial F Region Model
This model computes time-dependent NO+ , o t N~, 0+, and N+ densities along equatorial flux tubes from 120 km in one hemisphere to 120 km in the conjugate hemisphere. Flux tubes are followed as they corotate and convect due to E x B drifts. The method of solution for the coupled ion equations folloWS the variable transformation and numerical technique of Sterling et al. [1969] . The continuity equations are transformed t.o a coordinate system where the numerical stability of the solutIOn is greatl y improved [Hanson and Moffett, 1966: Baxter, 1967] . A n implicit finite-difference method is used to integrate the equations [Crank and Nicolson , 1947] . MAGNETIC LOCAL TIME (hour) Fig. 2 . Geographic coordinate system displayed in our dipole magnetic latitude-M LT coordinate system. The upper panel is for 0300 UT, and the lower panel is for 1500 UT. Geographic latitude is labeled at 20° intervals, and geographic longitude is at 30° intervals .
The coefficients in our partial differential equations are not the ones given by Sterling et af. [1969] ; they were modified to be consistent with those used in our mid-high latitude model. In this way, we are able to define the input variables (neutral atmosphere, neutral wind, Ex B convection, etc.) on a global scale. The ion continuity and momentum equations are the same as those given by Schunk et af. [1975] , except that in the equatorial region the equations are solved as a function of both altitude and latitude whereas in the mid-and high-latitude regions they are solved as a function of altitude. In both the equatorial and mid-high latitude models, the photochemistry is the same as that used by Schunk and Raitt [1980] , except that the solar EUV spectrum has been updated [Torr et aJ., 1979] . We have also modified the Sterling et al. [1969] model so that a more general magnetic field and neutral wind system can be used. This capability is similar to what is done by Anderson [19730] with his equatorial model.
Combined Global Model
One of the major findings of our earlier high latitude studies has been the strong universal time (UT) control of the high latitude F region [Sojka et aJ., 1981a [Sojka et aJ., , b, c, 1982 Schunk and Sojka, 1982a; Sojka and Schunk, 1983] . This UT control arises from the offset between the earth's rotational (geographic) pole and the magnetic pole. Furthermore, because of the different magnetic field geometry in the southern hemisphere, a northsouth asymmetry is expected to appear in this UT control [Sojka et 01., 1980] . Even at equatorial latitudes, an appreciable UT control is expected. Such equatorial UT effects, also known as longitudinal effects, have been studied to a limited extent by Anderson [1973a. b] .
In Figure I the magnetic-geographic geometry is shown at two UT's. This magnetic geometry is used to couple the midhigh latitude model to the equatorial model. The magnetic dipole axis intersects the earth's surface (I R£ = 6370 km) at 78 .6°N , -69.8° E and -74.5°N, 126° E geographic coordinates in the northern and southern hemispheres, respectively. These locations, which are based on the magnetic reference field of Mead [1970] and the auroral observations of Bond [1968] , produce a dipole axis which does not pass through the center of the earth. Figure I highlights how the UT control is present at all latitudes. At 0400 UT the magnetic equator is orientated to lie almost parallel to the solar direction. The neutral wind blows away from the subsolar point on the dayside, and as shown by the two bold arrows, blows almost symmetrically away from the magnetic equator. In contrast, at 1600 UT the wind blows entirely from the northern to the southern hemisphere in the magnetic frame. Also, at high latitudes the location of the magnetic pole relative to the terminator is different at the two UT's shown in Figure 1 .
The input parameters to our global model are associated with three different reference frames, i.e., subsolar, geographic, and magnetic frames . The neutral wind and solar zenith angle have symmetry in a subsolar point/ geographic frame. The MSIS neutral atmosphere model is defined in the geographic frame, while the equatorial electric field, high latitude electric field, and auroral precipitation inputs all pertain to a magnetic frame. Based primarily on our previous experience, we choose to present the data and input parameters in the magnetic latitude and magnetic local time (ML T) frame. This frame is also quite natural for the equatorial region where the most prominent feature, the equatorial anomaly (Appleton peaks), is most symmetric in a magnetic reference frame. Since our magnetic field is dipolar, the magnetic latitude is a dipole latitude. Figure 2 shows the geographic latitude-longitude system in the selected magnetic latitude-MLT frame at 0300 UT (top MAGNETIC LOCAL TIME (hour) Fig. 3 . Contours of potential associated with the equatorial electric field displayed in our magnetic dipole coordinate system. The contours are labeled in kilovolts.
panel) and at 1500 UT (bottom panel). In this and the following magnetic latitude-ML T figures, the MLT axis spans 30 hours so that the diurnal variation of parameters can be easily seen. When viewed in this frame the geographic coordinates, both latitude and longitude, show a marked diurnal variation.
GLOBAL INPUTS
For this initial global F region study we have chosen solar maximum, low magnetic activity, and June solstice conditions. For these conditions, it is unlikely that high latitude magnetospheric processes will extend to low latitudes and confuse the interpretation of the model UT results. For solar maximum we set FlO. 7 = 170, while for low magnetic activity we assumed that Kp = 2 and Ap = 12. As shown in Figure I , for June solstice the northern hemisphere is in summer, while the southern hemisphere is in winter. At all locations the neutral atmosphere density, composition, and temperature are given by the MSIS model [Hedin et al., 1977] .
Equatorial F Region Electric Potential
At equatorial latitudes the single most important mechanism responsible for the Appleton peaks is the plasma drift induced by the E x B force [Martyn, 1947; Sterlinget al .. 1969; Anderson 1973a Anderson , b, 1981 . Many previous authors have looked at this problem, especially for equinox conditions. Sterling et al. [1969] used the earlier theoretical electric potentials computed by Fejer [1953] , while Anderson [1981] used the results obtained from ground-based incoherent scatter radars [Fejer et al., 1979] . The choice of electric potential model is important; however, the electric potential itself is still poorly known. Although many studies have been carried out to simulate this potential, no clear single function can be prescribed. This is clearly shown in a recent review of the equatorial electric field by Wagner et al. [1980] , where even during quiet conditions the authors expect a diurnal (UT) variation.
In the most extensive experimental study to date, a harmonic expansion, including UT terms, was used to model incoherent scatter radar data obtained from two distinct longitude regions [Richmond et al., 1980] . The Richmond et al. [1980] study was carried out over a wide range of seasonal conditions, but was restricted to low geomagnetic activity and solar maximum. Their deduced electric potentials varied markedly as a function of UT and season, although the magnitudes of the electric potentials were somewhat lower than those found in other studies [Fejer, 1953; Heelis et al., 1974; Takeda and Maeda, 1980; Hanuise et al., 1983] .
For this first global study we adopted the general electric potential pattern given by Richmond et 01. [1980] . To incorporate this into our model, we followed the method used by Sterling et 01. [1969] in which a set of UT independent cosine functions are described by a set of parameters. Sterling et 01. [1969] used functions and parameters similar to those used by Fejer [1953] . We used similar functions but selected parameters that give potentials similar to those deduced by Richmond et 01. [1980] . Figure 3 shows contours of the electrostatic potential for the equatorial electric field at 300 km. For latitudes poleward of ±30° , the potential goes to zero at the poles in a linear manner. This highly simplified electric field follows the average equatorial (latitudes -25° to 25°) electric field of Richmond et 01. [1980] . The peak potential, 2.7 k V, occurs on the magnetic equator at 0600 MLT, and the minimum potential, -2.7 kV, occurs at 1800 ML T. At a magnetic latitude of 25°, the maximum and minimum potentials occur at 0300 and 1500 ML T, respectively. For reference, the associated vertical Ex B drift at 300 km on the magnetic equator is II m/ s (upward) at 1200 MLT, 4 at 1800 MLT, -II at 2400 MLT, and -4 at 0600 MLT. Figure 4 shows contours of the magnetospheric electric potential at 300 km in the high-latitude ionosphere. The contours are drawn at 5-kV intervals. This potential distribution corresponds to a symmetric two-cell pattern of the Volland [1978] type. The total cross-polar cap potential is 48 kV , with uniform sun-aligned potentials in the polar cap and a potential that decreases as the inverse of sine colatitude to the fourth power equatorward of the polar cap . This symmetric two-cell pattern is shifted by 1.5 0 in the antisunward direction from the magnetic pole. Symmetry is also imposed upon t~e northern and southern hemisphere patterns in the magnetic frame (see Figure 4) . 1 n our glo bal model the equatorial , high latitude, and corotational potentials are added. The resulting electric poten-
High Latitude F Region Electric Potential
MAGNETIC LOCAL TIME (hour) .. eo tial is then used to compute derivatives, which yield the electric field. This electric field has no parallel (to B) components, i.e., E
• B = O. However, because the magnetic field is generally not in the vertical direction, a significant vertical E x B drift component can occur. This vertical component is important because it either assists or opposes gravity, and hence, acts to increase or decrease the decay rate of the F region. The horizontal E x B drift components, on the other hand , act to convect the flux tubes of plasma in the horizontal direction.
Global Auroral Precipitation
Our adopted auroral precipitation energy flux model is shown in Figure 5 . Contours of auroral electron energy flux are dra wn at intervals of 0.05 erg cm-2 S-I. This pattern is based on the empirical model of Spiro et al. [1982] , and for low magnetic activity conditions a Kp-2 was chosen. In the model, these values of energy flux are used to scale a characteristic auroral ion production profile. The adopted auroral ion production profiles are' the same as those used by Knudsen et al. [1977, Figure 6 , spectrum 9]; a characteristic energy of 2 keY is associated with the precipitating electrons. As with convection, symmetry has been imposed on the northern and southern auroral ovals in the magnetic frame. The oval has a peak energy flux of 0.33 erg cm-2 S-I , which is typical for low geomagnetic activity conditions.
Solar EU V Production
Unlike our adopted electric field patterns which are UT independent in the magnetic frame , the solar EUV pattern is highl y UT dependent. To display this dependence , Figure 6 shows the solar zenith angle at 0300 UT (top panel) and 1500 UT (bottom panel) in the magnetic frame. The solar zenith angle is shown as contours at 15 0 intervals . Solar zenith angles greater than 90 0 are shown as dashed contours. At 0300 UT the subsolar point (zero degrees solar zenith angle) lies at a magnetic latitude of -J0 0 , while at 1500 UT it is at -35 0 • A major consequence of this clifference is that the southern hemisphere poleward of -50 0 magnetic latitude is in darkness at 1500 UT , but not at 0300 UT on the 1200 MLT meridian. Needless to say, photoionization occurs only in the sunlit hemisphere. As noted earlier, our photoionization rates are calculated from the solar EUV spectrum and MSIS model atmosphere in the manner described by Schunk and Raitt [1980] .
Global Neutral Wind
The thermospheric wind system has been studied extensively by both theorists and experimentalists [Challinor, 1969; Rfshbeth, 1972; Heelis et al., 1974; Roble et aI. , 1974; Roble, 1984] . These studies have resulted in a wide range of models and observations of which the NCAR TGCM model typifies the extensive knowledge gained [Roble et al., 1982; Roble, 1984] . Although the wind system is coupled at high latitudes to ion convection processes, it is in general most symmetric in a geographic-subsolar frame. Figure I shows a schematic representation of how the neutral wind blows away from the subsolar point at two UT's. Such a wind blows poleward on the dayside and then equatorward at night on this noon-midnight meridian. At other local times, a zonal wind component blowing from day to night also exists. For this initial study, we have considered a simplified neutral wind pattern, although our model is able to handle any wind system defined in either a geographic or geographic-subsolar frame. Our adopted wind has north-south symmetry in a frame whose equatorial plane contains the subsolar direction (see Figure 1 ), but the local time symmetry axis is moved from the noon-midnight to the 1300-0100 LT meridian plane. Only the meridional wind component is used; it is zero on this equator and increases sinusoidally with latitude to a maximum value at 30° from this equator. Poleward of this location the wind is constant with latitude. The local time variation of this meridional wind is a cosine function with a maximum poleward wind of 50 ml s at 1300 LT and a minimum poleward wind of -200 mls at 0100
LT. At the terminator (the poles in this subsolar frame), the meridional wind increases smoothly from the lower dayside value to its nightside value over 20° of latitude. This rather simplified wind system is similar to the high-latitude winds used in our earlier studies [Sojka et al., 1981a, b, c; Sojka and Schunk, 1983] . It also follows the general wind variation at low latitudes described by Sterling et al. [1969] and Anderson [1973b] . As simple as this meridional wind system is, when it is incorporated with the dipole magnetic field geometry, its resulting effect is highly asymmetric and complex. Since the wind induces plasma drifts along the magnetic field lines, the meridional wind component in the magnetic frame is the main driving force. Figure 7 shows this meridional component in the magnetic latitude and MLT frame at 0300 UT (top panel) and 1500 UT (lower panel). The wind is shown as contours at 50-ml s intervals. Solid contours indicate a meridional wind blowing toward the north magnetic pole, while dashed contours indicate the wind blowing away from the north pole. These contours reflect almost none of the symmetry incorporated in the original subsolar-geographic frame because in transforming to this magnetic frame the offset between the poles causes a UT -dependent transformation. The arrows indicate the "general" circulation pattern, which is similar to that originally defined . Note the large UT variation at the magnetic equator; at 0300 UT the wind is quite small and blows away from the equator on the dayside, while it blows toward the equator on the nightside. In sharp contrast, at 1500 UT the wind blows entirely from the northern to the southern hemisphere both day and night. This UT -dependent wind system, although relatively weak, will contribute to the UT effects obtained with our global model.
In future studies, we plan to couple our global ionospheric model to the NCAR TGCM, and hence, include both meridional and zonal neutral wind components. The zonal wind should act to produce substantial hemispheric asymmetries at lOW and mid-latitudes. Also , With. allowance for both wind components the UT dependence associated with the longitudinal variation of the declination of the geomagnetic field will be fully incorporated in our model; this could be important at low and mid-latitudes.
GLOBAL F REGION DENSITIES
The model described in the previous sections was run for solar maximum, June solstice, and low magnetic activity conditions. At middle and high latitudes, all trajectories Were started from noon steady state density profiles. Flux tubes Were followed for times in excess of 24 hours, determined by the time the slowest flux tube takes to convect once around its trajectory [see . All trajectories were followed 12 times at 2-hour UT intervals, so that UT effects could be taken int~ account. After a co~plete traversal of a trajectory, the difference between the final density profile obtained and the starting noon steady state profile was negligible for latitudes greater than about 20°. A similar procedure to that described above was used for the equatorial model, except that all flux tubes were followed for 48 hours and only the densities obtained during the second 24-hour period were kept. This additional run time was necessary in order to obtain a repeatable density profile after a complete traversal of a trajectory.
A number of criteria are used to determine the latitude at which the mid-high latitude model is linked to the equatorial model, with the main criterion being that the two models produce. the same densities in the overlapping region. This latitude will vary from study to study depending on the seasonal, solar cycle, and geomagnetic activity conditions, and hence, on the degree of coupling between the conjugate ionospheres. For this study we found that 25° magnetic latitude was a suitable point to overlap the two models. The mid-high latitude model was run for corotating trajectories down to 25° in both the northern and southern hemispheres, and vertical density profiles were obtained in these regions. In contrast, the equatorial model was run for flux tubes up to the one which crossed 25° at 300 km. This latitude corresponded to the noon meridian crossover point; at other local times this latitude increased or decreased by up to 1 %0. This modulation is associated with the equatorial E x B drift causing the otherwise corotating flux tube to deviate somewhat from corotation. In both models the horizontal convection at, say, ' 300 km is identical since both models have the same E x B driving forces. At latitudes equatorward of 25° it was found that interhemispheric flow becomes progressively more important, especially around the terminator.
As each flux tube is run, altitude or flux tube profiles are stored. These profiles consist ofNO+, ot Nt 0+, N+, and He+ at 4-km intervals from 120 to 800 km for the mid-high latitude model, and NO+, O~, Nt 0+, and N+ at a variable interval for the equatorial model. In the equatorial bottomside Fregion, the step size is less than 4 km, while above 800 km the step size is greater than 10 km. Such profiles are stored every 0.5° to 2° in longitude (local time). The final data set consists of ion densities binned into 3° magnetic latitude and 2-hour UT intervals. Table  1 shows the resolution of the "final" global data set, which consists of 2,937,600 individual densities. Plate I shows the variation of N m F2 in the magnetic latitude-MLT frame at 0300 UT (left panel) and 1500 UT (right panel). (Plate I can be found in the separate color section in this issue.) The highest densities are colored red and reach -5 x 10 6 cm-3 , while the lowest densities are colored blue and go as low as -7 x 10 3 cm-3 • In both panels, N m F2 varies over almost three orders of magnitude, with the highest densities associated with the Appleton peaks and the lowest densities occurring in the winter (southern) hemisphere mid-latitude trough. A very marked asymmetry exists between the northern and southern hemispheres. In the summer hemisphere (north), the densities are higher than in the winter hemisphere and show a relatively small UT variation. In contrast, the UT variation in the winter hemisphere is very marked, with almost an order of magnitude density variation in places .
A number of distinct Fregion features can be seen in Plate I, which divide the Fregion into three primary latitudinal regions. The Appleton peaks lie on either side of the magnetic equator at -±IO° and are present from about noon until 0400 MLT. For solstice conditions, these peaks are asymmetric due primarily to the effect of the neutral wind. At mid-latitudes, from 20° to 60°, the most distinct feature is the nocturnal mid-latitude trough. A comparison of the two panels in Plate 1 shows that the midlatitude trough is strongly UT dependent not only in the winter hemisphere but also in the summer hemisphere. In the winter hemisphere, the density minimum is approximately an order of magnitude lower than in the summer hemisphere. The morning local time boundary of this trough shows the season dependence of the terminator. In the two polar regions poleward of -±60° , the F region is highly dependent upon magnetospheric processes . Ion production due to auroral precipitation and magnetospheric convection cause the polar cap to appear highly complex. In the summer hemisphere, where the polar cap is sunlit, the weak auroral precipitation associated with the low geomagnetic activity conditions is insufficient to create a marked auroral oval, whereas in the winter hemisphere very distinct auroral oval and convection features are present.
However, these polar cap features are not very clear in this rectangular magnetic latitude-MLT representation; in a later :' .ubsection these polar cap features will be displayed more clearly in a standard polar plot. The UT dependence of the winter high-latitude ionosphere is, however, distinguishable when the densities at the two UT's given in Plate I are compared.
As noted earlier, the ionosphere exhibits a strong UT dependence owing to the displacement !?etween the geographic and geomagnetic poles. In the magnetic frame, the UT dependence arises because of the motion of the terminator and the change of the neutral wind relative to magnetic field lines. This UT dependence is shown in more detail in Figure 8 , where N m F2 is plotted along the four principal ML T meridians (0600, 1200, 1800, 2400 MLT) at six UT's. The top left panel of Figure 8 shows the dawn meridian. At solstice, sunrise occurs earlier in the summer hemisphere than in the winter hemisphere, and therefore, higher densities are generally found in the summer hemisphere. The extremely low densities seen in the winter hemisphere are associated with the mid-latitude trough (see Plate I). Across the equator, the low densities in the winter hemisphere merge fairly smoothly with the higher densities in the summer hemisphere owing to interhemispheric flow. However, the slope of the density profile across the equator is strongly UT dependent, as are the densities in the winter hemisphere. At high latitudes, the winter densities vary by more than an order of magnitude with UT, while the summer density variation with UT is only about 50%.
The top right panel of Figure 8 is for the 1200 M LT meridian, and again density profiles are shown at six UT's. Between 0600 and 1200 ML T the equatorial ion de~sities increase by an order of magnitude, now reaching 3 x 10 6 cm-3 on the magnetic equator. At the equator, a small UT variation is evident, which corresponds to a 20% change between 0700 and 1900 UT. The summer hemisphe~e at dawn shows about a 40% UT modulation at middle and high latitudes. In sharp contrast, the winter hemisphere between -60 and -90° magnetic latitude exhibits a factor of 26 density change, from 2.6 x 10 4 to 6.8 x lOs cm-3 , between 1500 and 0300 UT. The very low densities correspond to a dayside trough, which occurs equatorward of the auroral precipitation region around 1500 UT. The cause of this trough lies with the offset between the rotational and southern hemisphere magnetic axes. At -1500 UT (see Figure 1 , right panel) the terminator lies at its most equatorward location in the winter southern hemisphere. This latitude is several degrees equatorward of the equatorial edge of the auroral precipitation region. In this gap there is no strong source of ion production, and the resulting densities are extremely low. Such a deep days ide trough is almost exclusively a southern hemisphere phenomenon. Its full MLT extent can be seen in Plate I (right panel). The offset between the rotational and magnetic poles in the northern hemisphere is sufficiently smaller that this gap of a few degrees does not exist , and our previous northern hemisphere quiet activity study did not show a dayside trough .
The UT variation at 1800 ML T is shown in the bottom left panel of Figure 8 . At the equator, Appleton peaks are now evident, and they exhibit a north-south asymmetry as well as a very small UT variation. The peak density reaches -4.3 x 10 6 cm-3 . On the poleward side of the Appleton peaks the density decreases by almost an order of magnitude. Again , the UT variation is most marked in the southern hemisphere, although the dayside trough is ,not as pronounced as at 1200 MLT. The trough at 1800 M L T is a more typical mid-latitude trough.
The remaining panel of Figure 8 shows the 2400 MLT meridian profiles. Compared to 1800 MLT, the Appleton peaks are even more pronounced, as is the falloff in density to high latitudes. The mid-latitude trough is almost an order of magnitude deeper in winter than in summer and shows a smaller UT variation than on the dayside. Indeed, the midnight trough is deepest at 0300 UT, while the noon through is deepest at 1500 UT. This 12-hour difference arises because ofthe importance of plasma transport from day to night. For this case of weak convection, the trough flux tubes co rotate from noon to midnight in 12 hours. As the plasma co rotates into darkness, it decays, and hence, the deepest trough on the nightside OCCurs -12 hours after the lowest dayside trough has form~d. The depth of the trough is, however, determined by the DTdependent wind, which can either maintain or speed the decay of the ionosphere.
Equatorial F Region
The equatorial ionosphere's most distinctive feature is the Appleton peaks. The peaks typically lie between 10° and 14° from the magnetic equator; They initially develop near the equator about noon and disappear after midnight. The Appleton peaks were first observed by Appleton [1946] and subsequently explained by an E x B drift mechanism [Martyn, 1947] . Since these initial studies, vari. ous experimental and theoretical studies have refined our understanding and shown the additional importance of seasonal, neutral wind, and longitudinal effects. Observationally, the Appleton peaks have been shown to exhibit a north-south asymmetry as well as longitudinal asymmetries [Mataura, 1979; Walker, 1981] . Theoretical modeling studies have verified that an E x B drift is the major mechanism responsible for these peaks and have shown how the neutral wind and longitudinal effects cause asymmetries in the peaks [Hanson and Moffett, 1966; Sterling et al., 1969; Abur-Robb and Windle, 1969; Anderson, 1973a Anderson, , b, 1981 . As discussed in a recent review by Walker [1981] , the observations indicate that the north-south asymmetry ranges from 0% to 20%, while the longitudinal variation ranges from -10% to 10% with regard to changes in the F region critical frequency (foF 2 ). Figure 9 shows meridional profiles of f o F 2 in the equatorial region at 2-hourly MLT intervals at 0300 DT. The F region critical frequency (in megahertz.) is plotted so that our results can be readily compared to the earlier equatorial studies. The figure represents a "snapshot" and is not an evolution of the Appleton peaks, since the profiles are all for 0300 DT. The peaks are discernible between the 0200 and 0400 MLT meridians with a slight asymmetry (-10%) favoring the summer (north) hemisphere. At this time, the peaks move equatorward, from ±8° to ±7° , as ML T increases. At 0600 ML T the density begins to increase due to solar EUV ionization, and the valley between the Appleton peaks fills in. From 0800 MLT to noon the equatorial density increases, with the associated loF2 reaching 13.6 MHzat noon. Between the 1000 and 1200 MLT meridians, the major change is from a single equatorial peak to the two Appleton peaks. 'This change is directly related to the E x B drift pattern that we adopted. In this study we adopted th~ E x B pattern of Richmond et al. [1980] . The drifts associated w~th this pattern are weaker than those used in some of the earlier studies [Sterling et aI. , 1969' Anderson, 1973a, b] . Also, the local time transition from positive to negative electrical potentials is different. These differences lead to the change from a single peak to double peaks between 1000 and 1200 ML T as well as to several other features discussed below. In the postnoon sector, fully developed Appleton peaks are present. Along the 1800 MLT meridian the peaks reach their maximum values, 18.75 and 17.4 MHz, respectively, for the southern and northern hemispheres, a difference of -8%. Along this meridian, the equatorial value is 12.4 MHz, which is 29% below the northern peak. The peaks reach their most poleward location along the 1400 MLT meridian, -±11° from the magnetic equator, and the peak-to-equator difference increases from 29% to 43%. In earlier studies, the Appleton peaks often reached ±14° from the magnetic equator; the difference is associated with the electric field pattern chosen for this study. The source of the north-south difference is primarily the neutral wind in conjunction with the solstice conditions, such that the wind appears to have a preferential north to south direction over the equator (see Figure I ) . In the predawn sector, the north hemisphere peak exceeds the southern peak, while in the afternoon sector the reverse is true.
In Figure 10 the Fregion critical frequency is shown at 1500 UT, which corresponds to the conditions in the right panel of Figure I and Plate 1. Although this figure is very similar to the 0300 UT figure , differences are present. At noon the profile is considerably more asymmetric than at the earlier UT, with a peak at 14.8 MHz rather than 13.7 MHz. This difference of5% to 10% is typical of the UT variation. The peak critical frequency reaches only 18 MHz, which is 0.75 MHz lower than at 0300 UT in Figure 9 , For the rela tively weak electric potential and neutral wind models used in this stud y, an -10% northsouth hemisph,ere asymmetry and a 5% to 10% UT effect are obtained . These values compare quite favorabl y with the observations [Walker, 1981] .
Mid-Latitude F Region
The major feature in this region is the mid-latitude trough. It extends over a wide range of latitudes (30° to 60°) and M L T's (2000 to 0800); see Plate I . In this study, the mid-latitude trough is a region composed of plasma flux tubes that have convected from the sunlit afternoon sector. As they convect in darkness, the F region decays, with a time constant of several hours [Sojka and Schunk, 1983] . This decay is either increased or decreased depending on the induced vertical drift. By comparing the left and right panels of Plate I it is evident that the location and extent of the mid-latitude trough are highly UT dependent, even in the summer (northern) hemisphere. This UT dependence is most evident in the location of trough boundaries.
Recently, Quegan et al. [1982] studied the mid-latitude trough , but the UT dependence was not rigorously included in their work. However, as is evident from this study and our previous studies [Sojka et al. , 19810, b, c, 1982] , the UT dependence of the ionosphere must be included if one is to obtain reliable predictions with regard to the trough depth, boundaries, and temporal variation. Quegan et aJ. [1982] did include the coupling to the light ion exosphere in their study of the mid-latitude trough, whereas in this study we assumed that there was no ionospheric outflow through our upper boundary (800 km). Quegan et al. [1982] found that an ionospheric outflow could have an appreciable effect on the trough, a fact that had already been noted by Schunk et af. [1976] . However, the extent to which an ionospheric outflow affects the trough depends on the magnitude of the escape flux [cf. Schunk et al., 1976] . Since this quantity is poorly known at trough latitudes, there is little justification for adopting a specific value. This is particularly true for a global study where the upper boundary escape flux is needed at all locations and for all times. Therefore, because of a lack of measurements, we simply assumed that there was no ionospheric outflow through our top boundary. Another important phenomenon found at mid-latitudes is the effect referred to as the seasonal anomaly. This phenomenon is manifested by the presence of higher N m F2 values in winter than in summer at the same dayside location. The higher winter densities are regarded as being an anomaly because higher photoionization rates are expected in summer than in winter because of the more favorable solar zenith angle. However, such a simple picture ignores the seasonal variation in the neutral composition which plays an important role in creating the seasonal anomaly. Since our study has been done only for one solstice (June), the seasonal anomaly cannot be studied. However, by comparing the two hemispheres, their relative winter-summer variations can be looked at. In Figure  II the local time variation of N m F2 is shown for two UT's at both ±40° magnetic latitude. At 0300 UT the winter hemisphere (-40°) N m F2 values exceed those in the summer hemisphere from 0700 to 1700 MLT. The winter density reaches 8 x lOS cm-3 at 1100 MLT, whereas the summer density is only4.5 x lOs cm-3 . At the later UT, 1500 hours, the situation is reversed, with the summer densities exceeding those in winter by a few percent. These 1500 UT densities are quite different from those at 0300 UT.
From Figure II it is not evident which mechanism has caused this strong dayside UT effect. Figure 12 , which shows altitude profiles at these two UT's, gives more insight into the causes of the UT effect. The left panel of Figure 12 shows the electron density profiles at ±40.5° magnetic latitude at 0300 UT. At this time, the southern (winter) hemisphere has the larger N m F2 value. However, the corresponding HmF2 is considerably lower. This lower winter peak arises not only because of neutral atmospheric conditions, but also because the neutral wind is stronger in the southern hemisphere. Figure 1 (left panel) shows that the magnetic equator is not aligned with the subsolar point. Since the wind is symmetric about the subsolar point and increases with latitude from this point, this will give rise to larger winter hemisphere winds for the same magnetic latitudes. At noon these winds blow poleward and induce downward F region drifts. These downward drifts, in turn, lower the Fregion peak. At 0300 UT (left panel, Figure 12 ), the winter peak is lower in altitude, but the density is still higher because of the seasonal variation in the composition. In sharp contrast, at 1500 UT (right panel, Figure 12 ) the winter peak is even lower, ~250 km, with a density of -3 x lOS cm-3 , which is less than the summer density of 6.3 x lOS cm-3 at ~ 330 km. The reason for this marked lowering of the winter F region is seen in Figure I (right panel). At 1500 UT the neut.ral wind is even more asymmetric in the magnetic frame, bemg diminished in the summer hemisphere and increased in the winter hemisphere. In addition, the terminator now lies in the winter hemisphere magnetic mid-latitude region. The full significance of the role played by the terminator, a~d hence EUV ion production, is seen in the right panel of Figure 12 . Here, the bottomside F region density is smaller by almost .an order of magnitude in winter compared to summer. Bottomslde densities directly reflect changes in ion production and loss, since the time constant for recombination is typically only seconds, and hence, transport processes are unimportant.
High Latitude F Region
In our earlier studies of the northern hemisphere highlatitude ionosphere, we have shown how ionospheric features, such as the polar hole , tongue of ionization, night sector trough, and nightside auroral densities, are all accounted for by th~ combination of processes we modeled [Sojka et 01., 1981a, b, c, Sojka and Schunk, 1983] . These same processes, namely, corotation combined with magnetospheric convection,.a ~eu tral wind , ion production due to solar EUV radiation, . . ( n elecresonantly scattered radiation and auroral preclplta 10 , tron temperature, and a neutral atmosphere, have all be e . n included in this study. However, an additional capability l~ available with this new model that of being able to study bot hemispheres simultaneously. The southern hemisphere has a larger offset between the geographic and magnetic axes, and hence, the ionosphere is expected to have a somewhat different character in the southern hemisphere than in the northern hemisphere. This was indeed found to be the case for plasma convection [Sojka et af. , 1980] . To look at the polar regions in more detail, we change from a rectangular to a polar diagram presentation. This allows for an easier comparison with earlier studies and also for a more typical display of the high latitude inputs. Figure 13 shows contours of the adopted magnetospheric electric potential pattern in a magnetic latitude-ML T polar diagram. This latitude scale is for the northern hemisphere, but due to the assumed symmetry for the north-south magnetospheric convection and auroral precipitation patterns, this figure is also relevant to the southern hemisphere convection electric field.
The polar cap diameter is -34°, with a cross-tail potential of 48 k V. Figure 13 is just a more convenient replot of the northern hemisphere convection electric field shown in Figure 4 . Over the polar cap the plasma convects antisunward, driven primarily by the convection pattern in Figure 13 . In the dusk sector, the sunward convection due to the magnetospheric electric field opposes the corotational tendency of the ionosphere and leads to complex plasma transport, including the stagnation of plasma. On the dawnside, both magnetospheric convection and corotation are in the same direction.
In addition to transport plasma, auroral ion production is also very important in the high-latitude ionospheres. Figure 14 shows a replot of Figure 5 ; the auroral oval here corresponds to the low geomagnetic activity level of the Spiro el al. [1982] empirical model. The largest precipitation fluxes are found in the postmidnight sector, just equatorward of the convection polar cap (compare with Figure 13 ). The peak energy flux is quite small and only reaches 0.33 erg cm-2 S-I .
Plate 2 shows the 0+ density variation at 300 km in the northern hemisphere (summer) polar region at 0300 UT (left panel) and 1500 UT (right panel) . (Plate 2 can be found in the separate color section in this issue.) It is evident from the comparison of these two panels that the dominant effect is due to solar EUV i<!.n production. This produces relatively uniform densities in the summer polar region , and they are almost independent of UT even in the magnetic frame used in Plate 2. The night sector shows a part of the mid-latitude trough , which does show some UT dependence, Under these quiet geomagnetic conditions, the ion production due to auroral precipitation is relatively minor; compare the region of auroral precipitation in Figure 14 with Plate 2.
In sharp contrast, Plate 3 shows the 0+ density at 300 km in the southern hemisphere (winter) polar region, again in a magnetic latitude-MLT frame. (Plate 3 can be found in the separate color section in this issue.) At 0300 UT (left panel), solar illumination almost extends to the magnetic pole (within =10°), while at 1500 UT (right panel) the solar terminator lies far equatorward on the dayside (at -52° magnetic latitude).
The consequences of this simple UT effect can be readily seen by comparing the colors in Plate 3 (left and right panels). Inside the polar cap, relatively high densities are found on the noonside (see left panel between 80° and 90° magnetic latitude on the noon meridian). As the plasma moves antisunward and into darkness from this region, the density decays until it enters the a uroral oval. Upon entering the oval, the plasma starts to E x B drift in a sunward direction again as part of the two-cell convection pattern shown in Figure 13 . The presence of a weak oval can be seen in both panels of Plate 3. Because precipitation is relatively weak, the densities do not increase drastically. Instead, as the plasma flux tubes move sunward inside the oval, the topside F region densities gradually build up. On reaching the noon sector, the plasma experiences an upward induced Ex B drift as it turns to convect antisunward. This then leads to the high densities in the polar cap at 0300 UT (Plate 3, left panel). The night sector E x B drift produces downward flows. At these latitudes, within about 15° of the magnetic pole, the neutral winds are not very effective in opposing these induced vertical electrodynamic drifts. The neutral wind contribution is further complicated because of the strong UT dependence (see Figure  7) .
Equatorward of the auroral oval, where the plasma is primarily co rotating, a significant trough is present in both panels of Plate 3. The trough characteristics at 0300 and 1500 UT are quite different. At 0300 UT, the trough is restricted to the evening and early morning sectors, while at 1500 UT it is present at almost all ML T's. In the late evening-midnight sector, the trough is deepest at 0300 UT. The deep morning sector trough at 1500 UT extends well past noon, almost reaching the evening sector. This unique dayside trough is a feature that is not generally present in the northern hemisphere. Indeed , it occurs in the southern hemisphere only at UT's around the time when the subsolar point is at its highest magnetic latitude (see Figure I , right panel). At that time the terminator is sufficiently equatorward of the auroral oval so that on the dayside a region of corotating plasma devoid of either EUV or auroral ion production exists. It is these low densities on the dayside at -1500 UT that corotate to midnight and 12 hours later produce the deepest night sector trough at about 0300 UT. Under more active conditions, when the auroral oval and convection patterns expand, this deep dayside trough may not appear. Since in our model we assumed a southern hemisphere offset of 14.5° between the magnetic and geographic poles and only 11.4 0 between these poles in the northern hemisphere, the dayside trough does not form in the northern hemisphere.
SUMMARY
We have developed a time-dependent, three-dimensional, multi-ion numerical model of the global ionosphere at altitudes between 120 and 800 km. The model takes account of diffusion, electrodynamic drifts, interhemispheric flow, thermospheric winds, polar wind escape, chemical reactions, ion production due to EUV radiation and auroral precipitation, neutral composition changes, thermal conduction, diffusion-thermal heat flow, and local heating and cooling processes. The model also takes account of the offset between the geomagnetic and geographic poles and the bending of field lines near the magnetic equator.
Various inputs are needed for our global model, including the neutral temperature, composition, and wind; the electric field distribution; the auroral precipitation pattern; the solar EUV spectrum; and a magnetic field model. Since these inputs are needed over the whole globe at all times, it is necessary to adopt empirical models for the inputs. Typically, we use the MSIS model to obtain the neutral temperature and densities, a simple analytical function to describe the global wind pattern, a Volland-Heppner or Heelis-Hanson model to describe high latitude plasma convection, the Spiro et af. [1982] empirical model of auroral precipitation, and the magnetic reference field of Mead [1970] . For this study we adopted the equatorial electric field model of Richmond et al. [1980] . With the global inputs specified, the appropriate continuity, momentum, and energy equations are solved to obtain the ion temperature and densities (NO+, ot N~, 0+, N+ , He+). At middle and high latitudes, flux tubes of plasma are followed as they move along a convection trajectory or corotate with the earth, and the transport equations are solved as a function of altitude assuming an inclined magnetic field. At low latitudes, the transport equations are solved along a flux tube as a function of altitude and latitude, and the flux tube is followed as it corotates and convects due to equatorial electric fields. By following many flux tubes of plasma, we can construct timedependent , global distributions for the ion temperature and densities.
For our first global stud y, we have chosen solar maximum ( FIO .7 = 170), low geomagnetic activity ( Kp = 2, A p = 12) , and June solstice conditions. At high latitudes, we adopted a symm~tric two-cell convection p~ttern with a cross-polar cap potential of 48 kV. The convection and auroral precipitation patterns were assumed to be the same in both hemispheres. From this global study, we found the following: 1. The global ionosphere exhibits an appreciable UT variation owing to both the motion of the terminator and the direction of the neutral wind relative to the magnetic field lines. However, the UT variation in the winter hemisphere is much greater than that in the summer hemisphere, with the winter hemisphere UT variation being about an order of magnitude in certain places.
2. At a given instant in time, N m F2 varies by almost three orders of magnitude over the globe, with the highest densities occurring in the equatorial region and the lowest densities occurring in the southern (winter) hemisphere mid-latitude trough.
3. The Appleton peaks lie on either side of the magnetic equator at approximately ±10° and are present from about noon to 0400 ML T. The peaks are asymmetric due primarily to the effect of the neutral wind. The maximum density of the peaks reaches 5 x 10 6 cm-3, and the maximum peak-to-valley difference is about 43%. For the relatively weak electric potential and neutral wind models used in this study, the northsouth asymmetry and UT variation are approximately 10%, in agreement with the observations [Walker, 1981] . The slight differences between our Appleton peak characteristics and those obtained in previous model studies can be traced to our adopted equatorial electric potential pattern [Richmond et al., 1980] . 4. For this study, interhemispheric flow was found to have an appreciable effect on the Fregion below about 25° magnetic latitude.
5. The mid-latitude trough is clearly evident in both the winter and summer hemispheres, but it is much deeper and has a greater L T extent in the winter hemisphere. In the summer hemisphere the trough is mainly confined to the nightside, but in the southern winter hemisphere it nearly circles the globe. The occurrence of a deep dayside trough is primarily a southern hemisphere phenomenon and is related to the greater offset between the magnetic and geographic poles in the southern hemisphere. In our model, the dayside trough forms because there is a latitudinal gap of several degrees between the terminator and the dayside auroral oval. In this gap, there is no strong ion production source, and the ionosphere decays. The dayside trough characteristics predicted by our model compare favorably with Defense Meteorological Satellite Program (DMSP) satellite data obtained from the southern hemisphere (manuscript in preparation).
6. The "winter anomaly" corresponds to higher NmF2 values in winter than in summer at the same dayside location. Since we only considered one season (June solstice), we could not study this phenomenon. However, we did compare northern (summer) and southern (winter) N m F2 values at comparable mid-latitude locations, and we found that at certain urs, Nm~2 is larger in the winter hemisphere than in the summer hemisphere but the reverse is true at other UT's.
7. For low geomagnetic activity, the auroral oval does not have an appreciable effect on F region densities in the summer hemisphere owing to the dominance of ion production due t~ olar EUV production. However, the effect of the auroral ova is evident in the winter (dark) hemisphere.
. 8. As found in previous studies of the high-latitude IOn-osphere, th e densities in both the northern and southern polar caps exhibit a complex temporal variation owing to the competition between the various photochemical and transport processes.
As noted throughout the paper, the ionospheric features predicted by our global model are in qualitative agreement with the available measurements. However, we have not attempted to do a detailed comparison between model predictions and observations owing to the lack of a comprehensive global data set. For a meaningful quantitative comparison we need data from satellites and several ground-based .stations suitably located throughout the world . Because of the marked UT variation of the ionosphere, the data need to be taken simultaneously for at least a 24-hour time period . In addition to the F region densities and temperatures, we also need the various inputs to our model (neutral wind, auroral oval precipitation, magnetospheric and equatorial electric potential patterns, etc.). Unfortunately, at the present time the existing data base is far too incomplete to warrant a detailed quantitative comparison between model predictions' and observations on a global scale. However, coordinated observational programs are now being implemented, and we expect to have a reasonable data base in the future.
With regard to our future direction, we plan to couple our global ionospheric model to the NCAR TGCM in an attempt to evaluate the importance of ionosphere-thermosphere coupling on a global scale for a range of geophysical conditions. We also plan to study the propagation of magnetic storm and substorm perturbations from high to low latitudes and to compare the model results with data obtained simultaneously from satellites and the chain of incoherent scatter radars. In the more distant future, we plan to couple our global ionospheric model to a magnetospheric model in order to study the coupling between these regions self-consistently.
